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Characterization of [4, [C(CN) 3 ] 2 } as a bifunctional nano structure molten salt catalyst.
The structure of [4,4'-bipyridine]-1,1'-diium tricyanomethanide { [4, [C(CN) 3 ] 2 } as a bifunctional nano structure molten salt catalyst was studied and fully characterized by FT-IR, 1 H NMR, 13 C NMR, mass, TG, DTG, DTA, XRD, SEM and TEM analysis. The IR spectrum of bifunctional nano structure molten salt displayed a special peak at 3411 cm −1 which can be correlated to N-H stretching group on [4,4'-bipyridine]-1,1'-diium ring. Additionally, the one peak known at 2215 and 2169 cm −1 linked to vibrational modes of -CN bonds in tricyanomethanide counterion (Fig. 1) . Also, the special peak at 1662 cm −1 which can be related to C=N imine stretching group on [4,4'-bipyridine]-1,1'-diium ring. Besides, the noteworthy peak of 13 C NMR spectra of bifunctional nano structure molten catalyst is linked to the -CN group on tricyanomethanide anion which is appeared at δ = 109.8 ppm and correlated peaks at δ = 50.1 ppm is related to carbon of tricyanomethanide anion.
The mass spectrum of the {[4,4'-BPyH][C(CN) 3 ] 2 } as a bifunctional nano structure molten salt catalyst is in acceptable with the structure of the catalyst and detected the parent peak at 338 m/z (Fig. 4) . The noteworthy peak of mass spectra of bifunctional nano structure molten salt catalyst is linked to tricyanomethanide counter ion which is known at 90 m/z and correlated peaks at 158 m/z is related to [4,4'-bipyridine]-1,1'-diium ring. Due to the ionic structure and according to power of the proton exchange, possibility of molecular mass peak (338 m/z) in mass spectrum is changeable. Fig. 3 The 13 C NMR spectrum of the [4,4'-bipyridine]-1,1'-diium tricyanomethanide as a novel bifunctional nano structure molten salt catalyst.
Thermal gravimetric analysis (TGA) and derivative thermal gravimetric (DTG) of [4,4'-bipyridine]-1,1'-diium tricyanomethanide as a novel bifunctional nano structure molten salt catalyst were also considered. The linked diagrams are revealed in Figures 5 and 6 . The initially weight loss from the {[4,4'-BPyH][C(CN) 3 ] 2 } (room temperature to 120 °C) is owing to the removal of physically adsorbed water and organic solvents, which were used in the catalyst synthesis. These exposed analysis visibly presented that the bifunctional nano structure molten salt catalyst has good stability; hence that there was no clear mass loss before 152 °C. The noteworthy weight loss of the catalyst was occurred after 152 °C, which is in close agreement for the catalytic uses in organic synthesis. [4,4'-Bipyridine]-1,1'-diium tricyanomethanide {[4,4'-BPyH][C(CN) 3 ] 2 } as a novel bifunctional nano structure molten salt catalyst was investigated using X-ray diffraction (XRD) pattern (Fig. 7) , scanning electron microscopy (SEM) and transmission electron microscopy (TEM) (Fig. 8) . By the way, to approve the structure of {[4,4'-BPyH][C(CN) 3 ] 2 }, firstly, its XRD pattern was studied. As revealed in Fig. 7 , respectively, which was approved through the described value of scanning electron microscopy (SEM) and transmission electron microscopy (TEM) (Fig. 8 Table 1 . The average crystallite size D was considered by the Debye-Scherrer formula: D = Kλ/(βcosθ), where K is the Scherrer constant, λ being the X-ray wavelength, β is the half-maximum peak width, and θ is the Bragg diffraction angle. The average size of the bifunctional nano structure molten salt catalyst, subsequently, attained from this equation was found to be about 25.27-43.04 nm, which is basically in a worthy accordance with the scanning electron microscopy and transmission electron microscopy ( Fig. 8) . 
